Abstract. We study the hadronic molecules formed by the coupled-channel system of
Introduction
In 2015, LHCb collaborations observed the two hidden-charm pentaquarks P + , 3/2 − ) are also acceptable. There have been lively discussions about the structure of the pentaquarks, such as the compact pentaquark [2] [3] [4] [5] and the hadronic molecule [6] [7] [8] [9] [10] [11] [12] [13] [14] . On the other hand, the threshold enhancement by the anomalous triangle singularity is discussed in Refs. [16] [17] [18] .
Hadronic molecules are expected as the structure of the exotic states near the thresholds. In the strangeness sector, Λ(1405) has been discussed as a meson-baryon (KN and πΣ) molecule [19] [20] [21] . A lot of exotic states have been found near the D ( * )D( * ) thresholds [22] , such as X(3872) [23, 24] and the charged charmonium Z c (3900) [25] . In the bottom quark sector, charged twin resonances Z b and Z ( ) b have been studied as the B ( * )B * molecules [26] . The hadronic molecules are dynamically generated by the hadron-hadron interaction. Therefore, the properties of the interaction are important in producing those structures. In the charm quark sector, the SU(4) flavor symmetric interaction has been applied, and has also been used in the hidden-charm molecules [6] [7] [8] . However, the large mass of the charm quark would break the SU(4) flavor symmetry.
In the heavy flavor sector, the large mass of the heavy quarks introduces the heavy quark spin symmetry [27] [28] [29] . This symmetry appears because the suppression of the spin-dependent interaction between a heavy quark and a light degrees of freedom, a light quark and a gluon. It manifests the mass * Σ c andD * Σ * c channels will be coupled. Moreover, we cannot ignore theD ( * ) Λ c channel which was not considered in the early works of the hidden-charm pentaquarks [7, 8, 13, 14] . TheD * Λ c threshold is 25 MeV below theDΣ c threshold, and therefore, theD
c system, the tensor force mixing S -wave and D-wave components would be important. In theDN −D * N systems, theD −D * mixing enhances the effect of the one pion exchange potential (OPEP) having the tensor force producing the strong attraction [30] [31] [32] [33] [34] [35] . We expect that this mixing is also helpful to produce the attraction in the hidden-charm molecules.
On the basis of the above discussions, we consider the coupled-channel systems ofD
including states with larger orbital angular momentum, namely D-wave and G-wave for the negative parity state, and F-wave and H-wave for the positive parity state, as summarized in Table 1 . This full-channel coupling has never been considered so far. The interaction is obtained by the one meson exchange potential that respects the heavy quark spin symmetry. The bound and resonant states in I(J P ) = 1/2(3/2 ± ) and 1/2(5/2 ± ) are studied by solving the coupled-channel Schrödinger equations.
Interactions
We employ the meson exchange potential as the interaction between the heavy meson and the heavy baryon. The meson exchange potential is obtained by the Lagrangians satisfying the heavy quark and chiral symmetries. The Lagrangians for a heavy meson and a light meson are given [29, [36] [37] [38] [39] as
for the pion (π), sigma meson (σ), and vector (ρ and ω) meson (v). v μ is a four-velocity of a heavy quark. The heavy meson field constructed by the pseudoscalar meson P and vector meson P * are represented [29, [36] [37] [38] [39] by 
where the subscripts a, b are for the light flavor. A μ and F μν (ρ) are the axial vector current and the field tensor given by
where ξ = exp(iπ/2 f π ) with the pion decay constant f π = 92.3 MeV. The Lagrangians for a heavy baryon and a light meson [38, 40] are given by
The superfield S μ for Σ ( * )
Q is represented by
The phase factor is chosen by δ = −1 as discussed in Ref. [40] . The coupling constants of the Lagrangians are summarized in Table 2 . From the effective Lagrangians introduced above, we obtain the meson exchange potentials as
i and j stand for the indices of the channels. with the dipole-type form factor F(Λ, q) for spatially extended hadrons [14, [31] [32] [33] 40 ]
with the cutoff parameters Λ.
Numerical results
We solve the Schrödinger equations with the meson exchange potential between the heavy meson and the heavy baryon for the coupled-channels. The molecular states ofD ( * ) Λ
c −D ( * ) Σ ( * ) with J P = 3/2 ± , 5/2 ± and isospin I = 1/2 are studied. The obtained energies with the cutoff dependence are shown in Fig. 1 . The cutoff parameter Λ is determined to reproduce the observed mass of the hidden-charm pentaquarks. We then use the spectrum of the narrow resonance P + c (4450). We find that the state appearing near P + c (4450), is the J P = 5/2 − state with the resonance energy 4428.6 MeV in Λ = 1400 in our calculation. Therefore, the cutoff Λ is chosen by Λ = 1400. We conclude that the J P assignment of P 
the J P of the P + c (4380) will be 3/2 + . In Fig. 1 , the upper state of J P = 3/2 + has the mass, 4339.7 MeV, which is near the mass of P + c (4380). Therefore, this obtained state of J P = 3/2 + corresponds to P + c (4380).
In addition, new resonances are found in Λ = 1400 MeV. As shown in Fig. 1 Finally, we discuss the effects of the channel couplings in the meson-baryon molecules. In the obtained results shown in Fig. 1 , the full-channel coupling ofD
c is considered. However, the mass spectra are changed when the some of the channels are ignored. In Table 3 , we compare the results with full channel coupling, withoutD ( * ) Λ c , and without large orbital angular momentum > 0 ( > 1) for the negative (positive) parity. We find that the masses increase by tens of MeV and some of states disappear when theD ( * ) Λ c channel or the states with large orbital angular momentum are ignored. Specifically the J P = 5/2 − state which corresponds to P + c (4450) disappears when the full channel coupling calculation is not carried out.
Summary
We studied the hidden-charm pentaquarks as meson-baryon molecules,D ( * ) Λ c −D ( * ) Σ c . We considered the channel coupling analysis withD c had not been performed so far. As for the meson-baryon interaction, the meson exchange potential was employed which was obtained by the effective Lagrangians that respects the heavy quark and chiral symmetries. By solving the coupledchannel Schrödinger equations, we studied the bound and resonant states in I(J P ) = 1/2(3/2 ± ) and 1/2(5/2 ± ) with I = 1/2. We concluded that the J P assignments of P + c (4380) and P + c (4450) are 3/2 + and 5/2 − , respectively. We also found new states in J P = 3/2 ± . In this calculations, we found that the coupling to theD ( * ) Λ c channel and to the state with large orbital angular momentum is not ignored, which produced the attraction.
